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(54) Angular position detection device having linear output characteristics 



(57) An angular position detection device has a rotor 
that comprises two magnets (1 a, 1 b) and a primary yoke 

(2) , and a stator that comprises a pair of auxiliary yokes 

(3) and a magnetism detection element (4). The rotor is 
fixed to a rotary shaft of an object to be detected. The 
primary yoke (2) forms a magnetic circuit in a ring, and 
the magnets (1 a, 1 b) are configured so that the intensity 
distribution of the magnetic field is asymmetric with re- 
spect to the center of rotation of the rotor. The magnet- 
ism detection element (4) is placed in a gap (5) between 
the auxiliary yokes (3). This stator is disposed in the in- 
side of the rotor so that an air gap (G) between the rotor 
and the stator varies gradually in the circumferential di- 
rection. Thus, the magnetism detection element (4) is 
enabled to produce a linear output over a range wider 
than 180° . 
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Description 

[0001] The present invention relates to an angular po- 
sition detection device which detects an angular position 
of an object by use of a magnetism detection element. 5 
[0002] As a prior art, for example, an angular position 
detector is proposed in JP-A-61 -7521 3. This angular po- 
sition detector is constructed so that a cylindrical mag- 
net is magnetized in the radial direction, and a magnet- 
ism detection element is disposed in the middle of the 10 
magnet, and the magnet (or the magnetism detection 
element) rotates with rotation of an object to be detect- 
ed. In this construction, if the magnet rotates, the 
amount of magnetic flux passing through the magnetism 
detection element varies and an output signal from the 15 
magnetism detection element varies with the amount of 
the magnetic flux. Thus the angular position of the object 
is detected by means of the output signal. 
[0003] In the case of detecting the angular position of 
the object by means of the output signal from the mag- 20 
netism detection element in this way, in order to expand 
a range of detection of the angular position, character- 
istics of the output variation in the magnetism detection 
element against the angular position need be made lin- 
ear over as wide a range as possible. 25 
[0004] However, in the above prior art, since the par- 
allel magnetic field is rotated about the magnetism de- 
tection element, the magnetism detection directional 
component of the magnetic flux passing through the 
magnetism detection element decreases in trigonomet- 30 
ric function as the angular position advances. As a re- 
sult, the characteristics of the output variation in the 
magnetism detection element against the angular posi- 
tion deviates from the straight line and curves in trigo- 
nometric function. Therefore the prior art has a problem 35 
that it provides only a pseudo-linear output over a nar- 
row range of the angular position. 
[0005] In contrast to this, in US P 5,861 ,745, as shown 
in Figs. 9A to 9D, an angular position sensor which is 
constructed so that semicircular auxiliary stators 1 1 0 are 40 
installed on both sides of a magnetism detection ele- 
ment 1 00 so that the air gap between a cylindrical mag- 
net 120 and the auxiliary stators 110 is uniform. In this 
angular position sensor, the auxiliary stators 11 0 always 
make the direction of the magnetic flux passing through 45 
the magnetism detection element 1 00 perpendicular to 
the direction of magnetism detection, and the amount of 
the magnetic flux passing between the auxiliary stators 
110 changes with rotation. Thus it provides a linear out- 
put over a wider range of the angular position. so 
[0006] However, in the above angular position sensor, 
since a magnetic circuit is formed in point symmetry, the 
positional relation is the same except that the poles of 
the magnet 120 are reversed when it is rotated 180°. 
Accordingly, as shown in Figs. 9A to 9D, the maximum 55 
or minimum points (peak points) appear at every 180° . 
That is, a range in which the output is linear is a maxi- 
mum of 180° (between -90° and 90° ), and it is impos- 



sible to provide a linear output over a wider range than 
this. Practically, since characteristics in the vicinity of the 
peak points is not perfectly linear, the actual linear range 
is limited to 1 60°. 

[0007] The present invention overcomes the above 
drawbacks, and has an object to provide an angular po- 
sition detection device which is capable of establishing 
linear characteristics of an output of a magnetism de- 
tection element over a range wider than 180° , thereby 
improving characteristics of detection of an angular po- 
sition. 

[0008] The angular position detection device accord- 
ing to the present invention comprises one or two mag- 
nets for generating a magnetic field and one or more 
magnetism detection elements disposed in the magnet- 
ic field for detecting magnetism. The magnets are in- 
stalled in a rotor and the magnetism detection elements 
are installed in a stator, or vice versa. The stator is dis- 
posed in the inside of the rotor, which is fixed to a rotary 
shaft of an object to be detected. The stator or rotor in 
which the magnets are installed has a primary yoke that 
forms a magnetic circuit of the magnets, and is config- 
ured so that the intensity distribution of the magnetic 
field is asymmetric with respect to the center of rotation 
of the rotor. On the other hand, the stator or rotor in 
which the magnetic detection elements are installed has 
a pair of auxiliary yokes, and the magnetic detection el- 
ements are disposed in the gap provided between the 
pair. The stator and the rotor are configured so that the 
air gap between them varies gradually in the circumfer- 
ential direction. 

[0009] According to this construction, since the point 
symmetry in the magnetic circuit does not hold, the an- 
gular interval between the peak points in output charac- 
teristics of a magnetism detection element is largerthan 
180° and thus a linear range wider than ± 90° can be 
provided. As a result, characteristics of detection of the 
angular position can be improved. 
[0010] The invention, together with additional objects, 
features and advantages thereof, will be best under- 
stood from the following description, the appended 
claims and the accompanying drawings in which: 

Fig. 1 is a plan view showing a construction of a 
main part of an angular position detection device 
according to a first embodiment of the present in- 
vention; 

Figs. 2A to 2D are charts showing a relation be- 
tween a rotational operation and an output in the 
angular position detection device according to the 
first embodiment; 

Fig. 3 is a plan view showing a construction of a 
main part of an angular position detection device 
according to a second embodiment of the present 
invention; 

Fig. 4 is a plan view showing a construction of a 
main part of an angular position detection device 
according to a third embodiment of the present in- 
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vention; 

Fig. 5 is a plan view showing a construction of a 
stator according to a fourth embodiment of the 
present invention; 

Fig. 6 is a plan view showing a construction of a 
main part of an angular position detection device 
according to a fifth embodiment of the present in- 
vention; 

Fig. 7 is a plan view showing a construction of a 
main part of an angular position detection device 
according to a sixth embodiment of the present in- 
vention; 

Fig. 8 is a plan view showing a construction of a 
main part of an angular position detection device 
according to a seventh embodiment of the present 
invention; 

Figs. 9A to 9D are charts showing a relation be- 
tween a rotational operation and an output of an an- 
gular position detection device according to a prior 
art. 

[0011] The present invention will be described with 
reference to embodiments and modifications in which 
the same or similar parts are designated by the same 
reference characters. 

(First Embodiment) 

[0012] Fig. 1 is a plan view showing a construction of 
a main part of an angular position detection device ac- 
cording to a first embodiment of the present invention. 
The angular position detection device is used as, for ex- 
ample, a throttle position sensor in a motor vehicle. As 
shown in Fig. 1 , the device has a rotor that comprises 
two magnets 1 (a first magnet 1 a, a second magnet 1 b) 
and a primary yoke 2, and a stator that comprises a pair 
of auxiliary yokes 3 and a magnetism detection element 
4. The rotor is fixed to a rotary shaft of a throttle valve 
(not shown). 

[0013] Each of the magnets 1 is installed in arcuate 
arrangement, and magnetized so that one end in the cir- 
cumferential direction is the north pole and the other end 
is the south pole. 

[001 4] The primary yoke 2 is made of a magnetic ma- 
terial such as permalloy or iron, and it closes the dis- 
tance between the two magnets 1 in a ring to form a 
magnetic circuit. The magnets 1 are placed so that the 
angle (central angle) a, which is formed between the 
radius a that connects the first magnet 1 a and the center 
Or of the rotor and the radius b that connects the second 
magnet 1b and the center Or of the rotor, is less than 
180° (for example, 90°). The same poles of the two mag- 
nets face each other in the circumferential direction as 
shown in Fig. 1 . In this case, magnetic flux produced by 
the two magnets are conducted along the primary yoke 
and repel each other. As a result, a uniform magnetic 
field in which the magnetic flux flows radially is gener- 
ated in the internal space of the primary yoke. Further- 
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more, the intensity distribution of the magnetic field is 
asymmetric with respect to the center of rotation of the 
rotor. 

[0015] The pair of auxiliary yokes 3, which induces 

5 magnetic flux in the magnetism detection element 4, is 
made of a magnetic material such as permalloy or iron, 
similarly to the primary yoke 2, and installed in nearly 
semicircular arrangement respectively. The pair of aux- 
iliary yokes 3 is disposed so that their flat surfaces face 

10 each other in parallel and a gap 5 is provided between 
them. It is constructed so that the general shape of the 
pair of auxiliary yokes 3 is circular. 
[0016] The magnetism detection element 4 is, for ex- 
ample, a well-known Hall element:, which outputs a volt- 

15 age signal corresponding to the intensity of the magnetic 
field. The magnetism detection element 4 is placed in 
the gap 5 provided between the auxiliary yokes 3, and 
disposed so that the direction of magnetism detection 
by the element is perpendicular (toward the horizontal 

20 direction in Fig. 1 ) to the direction of the gap (the vertical 
direction in Fig. 1). 

[0017] The stator. which comprises the pair of auxil- 
iary yokes 3 and the magnetism detection eLement 4, 
is disposed within the rotor, and an air gap G is provided 

25 between the rotor and the stator. The air gap G is pro- 
vided to vary gradually along the circumferential direc- 
tion. Specifically, as shown in Fig. 1 , the stator is dis- 
posed so that the direction of the gap in the stator is 
aligned with the centerline A-A of the rotor, and the cent- 

30 er Os of the stator is offset a predetermined distance L 
from the center Or of the rotor. Hereafter, in the following 
explanation of operation, the position of the rotor shown 
in Fig. 1 is assumedto be '0° -position', and the direction 
of rotation of the rotor is clockwise in Fig. 1 . 

35 [001 8] Next the operation and the effect of the angular 
position detection device constructed as described 
above is described with reference to Figs. 2A to 2D. 
[001 9] First, when the rotor is in '0° - position', the pair 
of auxiliary yokes 3 is in the line symmetrical position 

40 with respect to the centerline A-A of the rotor shown in 
Fig. 1 . In this case, in the inside of the rotor, the direction 
of the magnetic flux passing through the auxiliary yokes 
3 is perpendicular to the direction of magnetism detec- 
tion by the magnetism detection element 4 as shown in 

45 Fig. 2A. Therefore detected magnetic force is zero as 
shown in Fig. 2D. 

[0020] Thereafter, when the rotor rotates with rotation 
of the throttle valve, the direction of the magnetic flux in 
the inside of the rotor varies, and the air gap G between 

50 the auxiliary yokes 3 and the magnets 1 also varies. 
Here, in case of a conventional device (Figs. 9A to 9D) 
in which the center of rotation of the rotor coincides with 
the center of the stator, detected magnetic force is the 
largest when the rotor rotates up to *90° - position' where 

55 the direction of the magnetic flux in the inside of the rotor 
is parallel with the direction of magnetism detection by 
the magnetism detection element 4. If the rotor further 
rotates, the detected magnetic force decreases.. When 
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the rotor rotates up to '180° - position', the detected 
magnetic force becomes zero again. 
[0021] In contrast to this, in the angular position de- 
tection device according to the present embodiment the 
center of the stator is offset from the center of rotation s 
of the rotor. Therefore, the detected magnetic force is 
not the largest when the rotor rotates up to *90° - posi- 
tion' as shown in Fig. 2B. That is, the direction of the 
magnetic flux against the magnetism detection element 
4 in the inside of the rotor changes with rotation of the 10 
rotor similarly to the conventional device. However, the 
air gap G between the magnets 1 and the auxiliary yokes 
3 gradually becomes smaller while the rotor rotates from 
'90° -position' to '1 80° - position' because the center of 
rotation of the rotor is offset from the center of the stator. 15 
When the air gap G becomes small, the amount of the 
magnetic flux passing through the inside of the auxiliary 
yokes 3 increases. Therefore the detected magnetic 
force continues to increase while the rotor rotates be- 
yond '90° - position' as shown in Fig. 2D. 20 
[0022] When the rotor further rotates and the direction 
of the magnetic flux in the inside of the rotor becomes 
nearly perpendicular to the direction of magnetism de- 
tection by the magnetism detection element 4, as shown 
in Fig. 2C, the detected magnetic force reaches its peak 25 
when the rotor is in some angular position (for example, 
•135° - position') as shown in Fig. 2D. Thereafter, if the 
rotor further rotates, the detected magnetic force de- 
creases in a higher rate, and it becomes zero when the 
rotor rotates up to '1 80° - position'. 30 
[0023] As a result, linear output can be provided over 
a range wider than that of '0° - position' ± 90°. 
[0024] The first magnet 1 a and the second magnet 1 b 
are disposed in such positions that the central angle 
formed between them with respect to the center Or of 35 
rotation of the rotor is a, which is assumed to be 90° in 
the above embodiment. The range of linear output is fur- 
ther wider if a is set to a smaller value, and narrower if 
a is set to a larger value. Accordingly, a may be arbitrar- 
ily set according to applications. However, if a is set to 40 
1 80°, the detected magnetic force reaches its peak eve- 
ry 1 80°, and hence the effect of the improvement of ex- 
panding the range of linear output cannot be provided. 
Therefore a must be set to a value less than 1 80°. 

45 

(Second Embodiment) 

[0025] Fig. 3 is a plan view showing a construction of 
a main part of an angular position detection device ac- 
cording to a second embodiment of the present inven- so 
tion. In the present embodiment, the primary yoke 2 of 
the rotor is cut along the centerline A-A and divided into 
a right yoke 2a and a left yoke 2b, and gaps 6 are pro- 
vided between them. In this case, since magnetic reluc- 
tance between the right and left yokes 2a, 2b increases 55 
due to the gap 6, the adverse effect of demagnetization 
due to repellence of the magnetic flux from the magnets 
1a, 1b in the inside of the primary yoke 2 is alleviated. 



[0026] The gap 6 may be provided only in the upper 
portion of the primary yoke 2 shown in Fig. 3, because 
the adverse effect of the demagnetization due to the re- 
pellence of the magnetic flux is significant when the dis- 
tance between the magnets 1a, 1b is short. 

(Third Embodiment) 

[0027] Fig. 4 is a plan view showing a construction of 
a main part of an angular position detection device. In 
the present embodiment, the magnets 1 are not arcuate 
but rectangular (rectangular parallelopiped). In this 
case, since magnets 1 are manufactured by the simplest 
forming process and the simplest magnetization proc- 
ess (parallel magnetization), magnets 1 of even and 
high quality can be manufactured at low cost. 

(Fourth Embodiment) 

[0028] Fig. 5 is a plan view showing a construction of 
the stator according to a fourth embodiment of the 
present invention. In the present embodiment, more 
than one magnetism detection element 4 is employed. 
[0029] Since the direction and intensity of the mag- 
netic field in the gap 5 provided between the pair of aux- 
iliary yokes 3 are uniform, a plurality of magnetism de- 
tection elements 4 can be disposed in the gap 5 and 
aimostthesame angular position signal can be obtained 
from each element 4. Thus a sensor which has two or 
more outputs can be constructed. Furthermore, even if 
one magnetism detection element 4 fails, another mag- 
netism detection element 4 can be used, and hence re- 
liability of the device is improved. Moreover, precision 
of detection can be improved by comparing outputs from 
the magnetism detection elements 4. 

(Fifth Embodiment) 

[0030] Fig. 6 is a plan view showing a construction of 
a main part of an angular position detection device ac- 
cording to a fifth embodiment of the present invention. 
In the present embodiment, only one magnet 1 is used, 
and it is disposed on inner perimeter side of the primary 
yoke 2 so that one pole face toward the center of rotation 
of the rotor. 

[0031] In this case, by using the one magnet, magnet- 
ic flux that flows radially in the primary yoke is produced 
similarly to the case of using a plurality of magnets, so 
that linear output can be provided over a range wider 
than 180° similarly to the first embodiment. 

(Sixth Embodiment) 

[0032] Fig. 7 is a plan view showing a construction of 
a main part of an angular position detection device ac- 
cording to a sixth embodiment of the present invention. 
In the present embodiment, the angular position detec- 
tion device is constructed so that the center Os of the 
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stator is aligned with the center Or of rotation of the rotor 
and the air gap G between them varies in the circumfer- 
ential direction. 

[0033] In order that the air gap G between the mag- 
nets 1 and the auxiliary yokes 3 varies with rotation of 
the rotor, as shown in Fig. 7, the shape of the auxiliary 
yokes 3 may be changed instead of offsetting the center 
Os of the stator from the center Or of rotation of the rotor. 
Alternatively, the shape of the rotor may be changed to 
a shape (for example, an elliptic cylinder) other than the 
ring (the shape shown in the first embodiment). 

(Seventh Embodiment) 

[0034] Fig. 8 is a plan view showing a construction of 
a main part of an angular position detection device ac- 
cording to a seventh embodiment of the present inven- 
tion. In the present embodiment, a portion of the primary 
yoke 2 is removed between the north pole sides of the 
two magnets 1a, 1b in contrast to the construction of the 
rotor explained in the first embodiment. 
[0035] In this case, similarly to the first embodiment, 
linear output can be provided over a range wider than 
180° . 

(Modifications) 

[0036] In the above embodiments, the magnets 1 may 
be disposed with its magnetic poles reversed. 
[0037] Furthermore, a stator may comprise the mag- 
nets 1 and the primary yoke 2 and a rotor may comprise 
the pair of auxiliary yokes 3 and the magnetism detec- 
tion element 4, in contrast to the above embodiments in 
which the rotor comprises the magnets 1 and the prima- 
ry yoke 2 and the stator comprises the pair of auxiliary 
yokes 3 and the magnetism detection element 4. 
[0038] An angular position detection device has a ro- 
tor that comprises two magnets (1a, 1b) and a primary 
yoke (2), and a stator that comprises a pair of auxiliary 
yokes (3) and a magnetism detection element (4). The 
rotor is fixed to a rotary shaft of an object to be detected. 
The primary yoke (2) forms a magnetic circuit in a ring, 
and the magnets (1a, 1b) are configured so that the in- 
tensity distribution of the magnetic field is asymmetric 
with respect to the center of rotation of the rotor. The 
magnetism detection element (4) is placed in a gap (5) 
between the auxiliary yokes (3). This stator is disposed 
in the inside of the rotor so that an air gap (G) between 
the rotor and the stator varies gradually in the circum- 
ferential direction. Thus, the magnetism detection ele- 
ment (4) is enabled to produce a linear output over a 
range wider than 180°. 



Claims 

1 . An angular position detection device comprising a 
magnet device (1) for generating a magnetic field 
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and a magnetism detection device (4) disposed in 
the magnetic field for detecting magnetism, one of 
said magnet device (1) and said magnetism detec- 
tion device (4) being installed in a stator and the oth- 
5 er being installed in a rotor, so that an angular po- 
sition of said rotor is detected based on an output 
from said magnetism detection device (4), 

wherein said stator or said rotor in which said 
10 magnet device (1) is installed is configured so 

that an intensity distribution of the magnetic 

field is asymmetric with respect to a center (Or) 

of rotation of said rotor, and 

wherein said stator and said rotor are config- 
15 ured so that an air gap (G) between them varies 

gradually in a circumferential direction. 

2. An angular position detection device as in claim 1 , 

20 wherein said stator or said rotor in which said 

magnetism detection device (4) is installed in- 
cludes a pair of auxiliary yokes (3) that induces 
magnetic flux in said magnetism detection de- 
vice (4), 

25 wherein a gap (5) is provided between the pair 

of auxiliary yokes (3), and 
wherein said magnetism detection device (4) is 
disposed in the gap (5). 

30 3. An angular position detection device as in claim 2, 
wherein said pair of auxiliary yokes (3) is in- 
stalled so that a general outer shape of the pair (3) 
is nearly circular, and a center of the pair (3) is offset 
from the center (Or) of rotation of said rotor. 

35 

4. An angular position detection device as in claim 2 
or 3, 

wherein said magnetism detection device (4) 
includes a plurality of magnetism detection ele- 
^o ments (4) disposed in the gap (5) provided between 
said pair of auxiliary yokes (3). 

5. An angular position detection device as in any one 
of claims 1 to 4, 

45 

wherein said rotor or stator in which said mag- 
net device (1) is installed includes a primary 
yoke (2) that forms a magnetic circuit of said 
magnet device (1), and 
so wherein said primary yoke (2) is formed in an 

arcuate shape which has a constant distance 
from the center (Or) of rotation of said rotor. 

6. An angular position detection device as in claim 5, 

55 

wherein said rotor or stator which includes said 
primary yoke (2) has two magnets (1a, 1b) as 
said magnet device (1), and 
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wherein said magnets (1a, 1 b) are disposed so 
that an angle between them with respect to the 
center (Or) of rotation of said rotor is less than 
1 80° and the same poles face each other in the 
circumferential direction. 5 

7. An angular position detection device as in claim 6, 

wherein a gap (6) is provided in said primary 
yoke (2) so that the magnetic circuit is separated 
between the magnets (1a, 1 b). 10 

8. An angular position detection device as in claim 5, 

wherein said rotor or stator which includes said 
primary yoke (2) has only one magnet (1) as 15 
said magnet device (1), and 
wherein said magnet (1) is placed so that one 
pole of said magnet (1) face toward the center 
(Or) of rotation of said rotor. 

20 

9. An angular position detection device as in claim 1, 

wherein said magnet device (1 ) has a circular 
yoke (2) and a pair of magnets (1 a, 1 b) arranged in 
said yoke (2) within a range of 180° with respect to 
a center of said yoke (2). 25 

10. An angular position detection device as in claim 1, 

wherein said rotor and said stator are formed 
in generally circular shape having different di- 30 
ameters, and 

wherein said centers (Os, Or) of said rotor and 
said stator are offset from each other. 

11. An angular position detection device as in claim 1, 35 

wherein said rotor is fixed to a rotary shaft of 
a throttle valve. 
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